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ABSTRACT 

 
Type2diabetes(T2D)remainsaglobalhealthchallengecharacterizedbyimpairedinsulin secretion and insulin 

resistance, leading to chronic hyperglycemia and associated 

cardiovascularcomplications.Despiteavailabilityofseveralanthyperglycemic drugs,optimal glycemic control 

remains elusivefor many patients. Recent research hasintroduced new classesof antidiuretic moleculesthat 

extend beyond traditionalglucose-lowering effects, 

offeringadditionalmetabolicandcardiovascularbenefits.Notableamongtheseareglucagon- like peptide-1 (GLP- 

1) receptor agonists and sodium-glucose co-transporter-2 (SGLT2) inhibitors, which act through diverse 

mechanisms including enhanced insulin secretion, 

improvedperipheralglucoseuptake,andreducedrenalglucosereabsorption.Furthermore, 

innovativemolecularstrategiessuchasspecializedmoleculargluestargetingkeyregulatory 

proteinsinpancreaticbetacellsshowpromiseinprotectingthesecellsfromglucolipotoxic damage, potentially 

slowing disease progression. Other emergent therapies include oral 

insulinformulationsusingnanotechnologyandagentsmodulatingthegut microbiometo improve insulin 

sensitivity. Collectively, these novel molecules aim to provide more 

comprehensiveandpersonalizedapproachestoT2Dmanagement,minimizingsideeffects while improving 

long- term outcomes. 

This synthesis reflects cutting-edge research from 2024–2025, highlighting both 

pharmacologicaladvancementsandemergingtherapeutictoolsdesignedtoreshapetreatment paradigmsin 

type2diabetes. 

Keywords: Glucose metabolism regulation Diabetes managementstrategies Insulin resistance Noveldrugtargets 

Emerging drugs in T2DM 
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INTRODUCTION 

 
Type 2 diabetes mellitus (T2DM) is a common, chronic metabolic disorder characterized by elevated 

blood glucose levels due to a combination of two primary factors: defective insulin 

secretionbypancreaticβ-cellsandtheinability ofinsulin-sensitivetissuessuchas muscle,liver,and 

adiposetissuetorespondproperlytoinsulin, acondition known asinsulin resistance.Thismetabolic 

imbalancedisruptsglucosehomeostasis,leadingtohyperglycemiaandprogressivedeteriorationof pancreaticβ-

cellfunction. 

T2Disstronglyassociatedwithobesity,sedentarylifestyle,geneticpredispositions,andotherfactors such as 

inflammation and gut micro biota imbalance. The disease often progresses with the worsening of both 

insulin secretion andinsulin resistance, contributingto complications including 

cardiovasculardisease,kidneydamage,andneuropathy.ThereisnocureforT2D,butitcanbe 

managedandpotentiallyputintoremissionthroughlifestyleinterventionsandpharmacological 

treatmentstargetedatimprovinginsulinsensitivityandsecretion 
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DIAGNOSTICTOOLSFORMEASUREMENTOFT2 DM 

 

Thediagnosisoftype2diabetesmellitus(T2DM)reliesmainlyonbloodteststhat measureblood glucose levelsandassesslong-

termglucosecontrol.Commondiagnosticmethodsinclude: 

 

 

GlycatedHemoglobin(A1C)Test: 

 

Thistest measureaveragebloodglucoselevelsoverthepast2to3monthsbydetectingglucoseattachedto hemoglobin in red 

blood cells. 

AnA1Clevelbelow5.7%isnormal.5.7%to6.4%indicateprediabetes. 6.5%orhigherontwoseparatetestsconfirmsdiabetes. 

http://www.ijnrd.org/
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FastingPlasmaGlucose(FPG)Test: 

 

Bloodglucoseismeasuredafteratleast8hoursoffasting(nofoodordrinkexcept water).Lessthan100 mg/dL (5.6 mmol/L) is 

normal. 

100to125mg/dLindicatesprediabetes. 

 

126mg/dLorhigherontwoseparatetestsconfirmsdiabetes. 

 

 

OralGlucoseToleranceTest(OGTT): 

 

Bloodglucoseismeasuredafterfastingandthenagain2hoursafter drinkinga glucose-richbeverage(75 grams of glucose). 

Lessthan140mg/dL(7.8mmol/L)isnormal.140to199mg/dLindicatesprediabetes. 

200mg/dLorhigherafter2hoursconfirmsdiabetes. 

RandomPlasmaGlucoseTest: 

 

Bloodglucoseismeasuredatanytime,regardlessoflastmeal. 

 

Alevelof200mg/dL(11.1mmol/L)orhigherwithtypicaldiabetessymptoms(excessivethirst,frequent urination) suggests 

diabetes. 

http://www.ijnrd.org/


                                                               © 2025 IJNRD | Volume 10, Issue 11, November 2025| ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2511309 IJNRD – International Journal of Novel Research and Development (www.ijnrd.org)  

 
 

d182 

Hereisa concisetablesummarizingthediagnostictoolsfortype2diabetes: 
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PATHOPHYSIOLOGYOFDIABETES 

 

The pathophysiology of diabetes, particularly type 2 diabetes mellitus (T2DM), is primarily characterizedby insulin 

resistanceandpancreaticbeta-celldysfunction. Inhealthyindividuals,insulin 

facilitatesglucoseuptakebymuscle,fat,andlivercells,maintainingnormalbloodglucoselevels.In 

insulinresistance,thesetissuesrespondinadequatelytonormalinsulinlevels,leadingtoimpaired glucoseuptakeand 

increased glucoseproduction bytheliver. Thisisoften causedby obesity-induced excess free fatty acids, inflammation, 

and lipid accumulation interfering with insulin signaling pathways. 

 

 

 

Compensatorily, pancreaticbeta-cellsinitiallyincreaseinsulin secretion (hyperinsulinemia) tomaintain 

glucosehomeostasis.However,prolonged stressand glucolipotoxicityresultinbeta-celldysfunctionand 

apoptosis,reducinginsulinoutputandcausingchronichyperglycemia—hallmarksofT2DM. 

Molecularmechanismsinvolvedefectsininsulinreceptorfunction,impairedsignalingcascadeslike 

PI3K/Akt,andactivationofinflammatorypathways.Elevatedfreefattyacidsandintracellularlipid metabolites disrupt 

insulin signaling byactivatingprotein kinaseCisoforms. Additionally, genetic factors, mitochondrial dysfunction, 

and adipocyte imbalances contribute. Overall, T2DM is a multifactorial progressive metabolic disorder driven by 

complex interactions of genetic, environmental, and lifestyle factors. 

http://www.ijnrd.org/
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Here'sasimplifiedtablesummarizingthepathophysiologyoftype2diabetesmellitus: 
 

 

 

Insummary,thepathomechanismofT2DMismultifactorial,involvingacomplexinterplaybetween insulin resistance, beta-

cell dysfunction, chronic inflammation, dyslipidemia, and genetic predisposition.These factorsdisruptnormal 

glucosemetabolismand contributeto theprogressionofthe 

disease[24].Adeeperunderstandingoftheseunderlyingmechanismsisessentialfordevelopingmore 

effectivetherapeuticstrategiestoimprovethemanagement andoutcomesofT2DM. 
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COMPLICATIONSOFTYPE2DIABETESEMELLITUS. 

 

Type2diabetescancauseawiderangeofcomplicationsthataffectmanypartsofthebody.Acute 

complicationsincludediabeticketoacidosis,hypoglycemia(lowbloodsugar),andhyperglycemia (high blood sugar), 

which require immediate medical attention if severe. Chronic complications 

involvedamagetobloodvesselsandnerves,leadingtoserioushealthproblems. 

Cardiovascular complications are common, including heart disease, stroke, hypertension, and 

narrowingofthebloodvessels(atherosclerosis).Nervedamage,ordiabeticneuropathy,cancause pain, numbness, 

andlossof sensation, particularlyin thelegsand feet, sometimesleadingtofoot ulcers and infections that may require 

amputation. Kidney damage (diabetic nephropathy) can progresstokidneyfailurerequiringdialysisor transplantation. 

Eyedamage(diabeticretinopathy) can lead tovision lossor blindness. 

 

Other complications includeskin infections,slow woundhealing,hearingimpairment,sleep apnea,and 

anincreasedriskofdementia.Managingbloodglucosetightlyandregularmedicalfollow-uphelp reducetheriskof these 

complications . 
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Managingbloodsugarandregularmedicalcarecanreducetheseriskssignificantly. 

 

 

 

 

COMPREHENSIVETREATMENTSTRATEGIESFORTYPE2DIABETES. 

comprehensive overview of treatment strategies for type 2 diabetes mellitus (T2DM) involves a 

multifacetedapproach that includes lifestyle modifications, pharmacologic management, and regular 
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monitoringtocontrolbloodglucoseandpreventcomplications. 

LifestyleInterventions 

ThefoundationofT2DM managementconsistsofdiabetesself-managementeducation,healthyeating, 

weightloss,andincreasedphysicalactivity.Individualizeddietaryplansemphasizereducingcaloric 

intake,limitingrefinedsugars,andincreasingfiber,whileregularexerciseimprovesinsulinsensitivity and cardiovascular 

health. 

 

PharmacologicTreatment 

First-linetherapy:Metforministypicallytheinitialmedicationgivenalongsidelifestylechangesduetoits efficacy, safety, and 

cardiovascular benefits. 

 

Second-lineandadd-ontherapies:Ifglycemictargetsarenotmet,additionalagentsareintroducedbased onpatient-

specificfactorssuchascardiovasculardisease,kidneyfunction,riskofhypoglycemia,body weight concerns, and side effect 

profiles. 

 

Theseagentsinclude: 

Sodium-glucosecotransporter-2inhibitors(SGLT2i)toreducecardiovasculareventsandkidneydisease progression. 

Glucagon-likepeptide-1receptoragonists(GLP-1RA)that improveglycemiccontrolandcardiovascular outcomes. 

Dipeptidyl peptidase-4 inhibitors(DPP-4i),thiazolidinediones,and sulfonylureasdepending onindividual needs. 

Insulin therapyisreserved forpatientswith severehyperglycemia,catabolic symptoms,orthosewhodo not achieve control 

with oral agents. 

ManagementofComorbidities 

Controlof hypertension, dyslipidemia, andsmokingcessationisvitaltoreducecardiovascular risk. Regular screening and 

treatment of microvascular complications (retinopathy, nephropathy, neuropathy) areessential. 

 

MonitoringandIndividualization 

 

Glycemicgoalsandtreatmentsareindividualizedbasedonage,durationofdiabetes,comorbidities,and 

riskofhypoglycemia.TreatmentregimensareregularlyreassessedtoensuretargetHbA1clevelsare met without 

adverseeffects. 

Thispatient-centered,evidence-basedapproachcombinesmodernpharmacologywithlifestyle 

optimizationandpreventivecaretoimprovelong-termoutcomesinT2DM. 

 

STANDARDTREATMENTFORDIABETES 

 

Thefirst step of conventionaltherapyisdiet and exercise; antihyperglycemicagentsareincluded 

(Table2.).Theyaredistinguishedintovariousclasses,eitherasmonotherapyor, morefrequently,in combination with one 

another 

.Biguanides–Metformin 

 

.InsulinSecretagogues-Sulfonylureas,Metglinides 
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.InsulinSensitizers-Thiazolidinediones(TZDs) 

 

.Incretin-BasedTherapies-DPP-4InhibitorsandGLP-1Agonists 

 

.RenalGlucoseTransportModifiers-SGLT2Inhibitors 

 

.CarbohydrateAbsorptionModifiers-Alpha-GlucosidaseInhibitors 

 

.OtherTherapeuticAgents-BileAcidSequestrants 

 

.Insulin 

 

Hereisatablesummarizingtheclassof oraldiabeticdrugs,examples,theirmechanismof action,and common adverseeffects: 
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METFORMIN:ASACHOICEFIRSTLINEDRUG: 
 

 

 

 

Metforminiswidelyrecognizedasthefirst-linetherapyfortype2diabetesmellitusduetoitsproven 

efficacy,safety,andaffordability. Itisabiguanidethatprimarilyworksbyloweringhepaticglucose 

production(gluconeogenesis) andimprovinginsulin sensitivityin peripheraltissues, which helps reduceblood glucose 

levelseffectively. 
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KeypointsaboutMetforminasfirst-linetherapy: 

Efficacy:MetforminmonotherapytypicallylowersHbA1cbyabout 1-1.5%. It iseffectivebothasa 

singleagentandincombinationwithotherglucose-loweringdrugs. 

Safety:Ithasalowriskofcausinghypoglycemiacomparedtomanyotherdiabetesmedicationsand is generally well-tolerated. 

The most common side effects are gastrointestinal, including nausea, 

diarrhea,andabdominaldiscomfort,whichcanbeminimizedbygradualdoseescalation. 

Cardiovascular Benefits: Somestudies suggest cardiovascular protectiveeffects, but larger definitive trials are still 

needed. 

Cost& Accessibility:Metformin isaffordableworldwide, making it accessiblein diversehealthcare settings. 

Current Guidelines: Most diabetes treatment guidelines, including those by ADA and EASD, recommend 

startingMetforminpromptlyafter diagnosis, particularlyinthosewithout significant cardiovascular or 

renalcomorbidities.For patients with cardiovascular orkidneydisease,newer agents likeGLP-

1receptoragonistsorSGLT2inhibitorsmaybepreferredalongsideorinsteadofmetformin for their additional benefits. 

Dosing:Usuallyinitiatedat500mgonceortwicedailyandgraduallyincreasedtoamaximumof2000 mgdaily as tolerated to 

optimize glycemic control. 

Insummary,metforminremainsacornerstoneoftype2diabetesmanagementforitseffectiveness, safety,andlowcost, 

though neweragentswithcardio-renalbenefitsareincreasinglyintegratedinto treatment strategiesforhigh-riskpatients 

INSULINTHERAPYINTYPE2DIABETESMANAGEMENT: 

 

 

Insulintherapyintype2diabetesisusedtoachieveoptimalbloodglucosecontrolwhenlifestyle changes and 

oralmedicationsareinsufficient.Keypointsaboutinsulintherapyintype2diabetesinclude: 

 

Indications: 

WhenHbA1cremains≥7.5%despitemaximaloral/otherdrugtherapy.Severehyperglycemia,symptomatic hyperglycemia, 

oracuteillness. Catabolic symptomssuchasunexplainedweightlossorketosis. 

 

Pregnancyorplannedpregnancy. 

Duringhospitalizationorsurgeryforglucosecontrol.TypesofInsulinTherapy: Oftenstartswithonce-dailylong-

acting(basal)insulintocontrolfastingglucose. 

Iftargetsarenotachieved, short-acting(prandialorbolus) insulin isaddedpre-mealtocontrol postprandial spikes. 

 

Premixedinsulinoptionsareavailableforconvenience.Benefits: 

Provides the mosteffectiveglucoselowering.Canbe tailoredand intensified forindividualizedglucose 

targets.Earlyusemaypreservebeta-cellfunctionandreducecomplications 

. 
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Challenges: 

Riskofhypoglycemia,especiallywithintensiveregimens.Weightgainisacommonsideeffect. Requires patienteducation on 

injection,monitoring, anddoseadjustment. GuidelineRecommendations:Insulincan be 

usedearlyorlaterdependingonclinicalstatus.CombinationwithotheragentssuchasGLP-1receptoragonists 

canmitigateweightgainandimprovecontrol.Regularbloodglucosemonitoringisessentialforsafeand effective use.Insulin 

remains acentraland powerful toolinmanaging type2 diabetes,especiallyforpatients 

whodonotachieveadequatecontrolwithoralagentsandlifestylemodificationalone. 

REVIEWARTICLE: 
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4. MansurShomaliThereAdvEndocrinalMetab.2012Oct3,Diabetestreatmentin2025:canscientific advanceskeeppacewith 

prevalence:Toallow ustocopewith periodsoffamineand feast, humans 

areadaptedtomakethemostoftheenergyavailabletothem.Whatensuredoursurvivalthenhas becomeour weaknessnow, 
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Diabetes”includestheADA’scurrentclinicalpracticerecommendationsandisintendedtoprovide the components of 
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new agents are in development for the treatment of type 1 or type 2 diabetes. In addition to new dipeptide 

peptidase-4 inhibitors, glucagon-like peptide 1 analogs, thiazolidinedione’s,glandes,andnewinsulinformulations. 

8. SatishKGargDiabetesTechnol2014Feb1;16(Supp),NewerTherapiesforDiabetesManagement 

:Dapagliflozin-induced SGLT2 inhibition for12 weeksis associatedwithreductionsin24-hour BP, body weight, GFR, and 

possibly plasma volume. Cumulatively, these effects suggest that dapagliflozinmayhave a diuretic-likecapacityto 

lower BP in addition to beneficialeffectson glycemiccontrol. 

9. IntJMolSci2024 Jun 5,25(11)NewMoleculesinType2 Diabetes:Advancements,Challengesand 

FutureDirections:Thisreviewaimstodiscussactionmechanismsandavailablepreclinicaland clinicalstudiesof 

thesenewantidiuretic drugs,beyondtheirroleas oral anthyperglycemic agents in 

T2D,highlightingcardiovascularandmetabolicbenefits.Moreover,futureresearchdirectionson innovative therapeutic 

tools will be reported, which may help to advance future clinical management of T2D and cardio metabolic 

diseases towards personalized treatments and minimizingadverse effects. 

10. Shan Hu Advancesin small-moleculeinsulin secretagoguesfor diabetestreatment: Traditional 

treatmentsfordiabetesincludesubcutaneousinjectionofinsulin;however,theinjectionvolume 

needstobeadjustedaccordingtobloodglucoselevels.Recently,continuousglucosemonitoring systems,insulin 

pumptherapy,andautomatedinsulin deliverysystems haveimproved thetreatment of diabetes. However, these 

technologies are still in their early stages and drugs are yet to be excludedfromthetreatment of 

diabetesisinseparablefromdrugs. 

OTHERCONVENTIONALTREATMENT: 

Conventionaltreatmentfor type2diabetesinvolvesa rangeoforalandinjectablemedicationsthat actthrough 

differentmechanismstolowerbloodglucose.Themajorclassesandtheirrolesare: 

Biguanides:Metforministhemostcommon.Itdecreasesglucoseproductionbytheliverandimproves 

insulinsensitivity.Generallywelltoleratedbutmaycausegastrointestinaldiscomfort. 

Sulfonylureas:Stimulateinsulin secretion from pancreaticbeta cells. Effectivebut carry riskof hypoglycemia and weight 

gain. 

Meglitinides:Likesulfonylureas,promoteinsulinreleasebutwithshorteraction,targetingpostprandial glucose. 

Thiazolidinedione’s (TZDs):Improve insulinsensitivityby targetingadipose andmuscle tissue.Riskofweight gain and fluid 

retention limits usein somepatients. 

Alpha-glycosidase inhibitors: Delay carbohydrate absorption fromthe gutto bluntpost-mealglucose spikes. Gastrointestinal 

side effects are common. 

Dipeptidepeptidase-4inhibitors (DPP-4i):Enhance endogenous incretionhormonestoincreaseinsulinrelease 

anddecreaseglucagon.Welltoleratedbut modest efficacy. 

Glucagon-likepeptide-1receptoragonists(GLP-1RA):Injectableagentsthatmimicincretionhormones, 

promotinginsulinrelease,satiety,andweightloss.Someoralformsavailable. 

Sodium-glucose cotransporter-2 inhibitors (SGLT2i): Promote renal glucose excretion, reducing bloodsugar 

andaidingweight loss; beneficialfor heart andkidneyhealth. 

Insulin:Usedwhenotheragentsdonotachieveglycemictargetsorincasesof severehyperglycemia. 

Alongsidethesemedications,lifestyleinterventionssuchasdietandexerciseremainfundamental.Choiceand 

combinationofdrugsdependonpatient'scomorbidities,riskfactors,efficacy,sideeffects,andpreferences 

.Conventionaltreatmentfortype2 diabetesincludesseveralclassesofmedications,eachworking differently to lower blood 
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glucose: 

Biguanides (e.g.,Metformin): reduce liverglucose production and improve insulin sensitivity. Sulfonylureas 

(e.g.,Glimepiride):stimulatepancreaticinsulinsecretion. 

Meglitinides:stimulaterapidinsulinreleasepost-meal.Thiazolidinedione’s:enhanceinsulinsensitivityin musclesandfat. 

Alpha-glycosidaseinhibitors:delaycarbohydrateabsorptionintheintestine. DPP-4 inhibitors:prolong 

actionofincretionhormonestoincreaseinsulinrelease. GLP-1receptor agonists:mimicincretiontoenhance insulin, 

reduceappetite. 

SGLT2 inhibitors: induceglucoseexcretion via kidneys. Insulin: used when oral agents are 

insufficient.Thesedrugsarecombined with lifestylemodificationsfor effectivediabetes management. 

Medicationchoicedependsonindividualpatientfactorslikecomorbiditiesandriskofsideeffects. 

INNOVATIVETREATMENTINDIABETES: 

 

Innovativetreatments in diabetesarerapidly evolving, blending cutting-edgetechnology and novel 

biologicaltherapiestoimproveoutcomesandpatient qualityoflife. Keyhighlightsin2025include: 

AdvancedInsulinDeliverySystems: 

FDA-approvedOmnipod5insulinpumpnowprescribedfortype2diabetes, offeringautomated insulin delivery with reduced 

management stress. 

Newinsulinpatchpumps(Tandem'sSigiandMobi)underdevelopmentprovidediscreet,app- controlled insulindelivery. 

IntegratedpatchpumpslikePharmaSens&SiBionics’NiiaSignaturecombineglucosemonitoringwith insulindeliveryina 

singledevicefor user convenience. 

 

CellandGeneTherapies: 

 

Vertex’sZimislecel,astemcell-derivedisletcelltherapy,canrestoreinsulin productionintype1diabetes, 

withpromisingresultsshowinginsulinindependencein manypatients. 

SanaBiotechnologyisdevelopinggene-editedbetacellsthatevadeimmuneattack,aimingtoeliminatethe need for lifelong 

immunosuppression. 

Encapsulatedisletcelltherapiesandgene-editedstemcelltransplantsareinclinicaltrialsaimingfor 

functionalinsulinindependencewithout immunerejection. 

 

ArtificialPancreasSystems: 

 

Integrationofcontinuousglucosemonitors(CGMs),algorithm-driveninsulinpumps,andAIsystemsto automate insulin and 

glucagon delivery is advancing toward a true “artificial pancreas” to tightly regulateglucose. 

 

MicrobiomeandMetabolicModulation: 

 

Emerging research explores gutmicrobiome manipulation to improveinsulin sensitivityand metabolic health. 

OralGLP-1AgonistsandNovelMolecularCombinations: 
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New oralmedicationslikeOrforglipron,dualGIP/GLP-1 agonists, andcombined amylin analogsare broadening 

treatment options beyond injectabletherapies. 

Theseadvancespromisetotransformdiabetesmanagement bypersonalizingcare, reducing treatment 

burden,enhancingefficacy,andpotentiallyofferingfunctionalcuresfortype1andtype2diabetes. 

 

DUAL&TRIPLERECEPTORAGONIST:ADVANCETREATMENTFORDIABETESWITH TIRZEPATIDE& 

RETATRUTIDE: 

Tirzepatide(LY3298176)istheleading dual GIP/GLP-1receptoragonist,designedas asingle-molecule 

treatmentforT2DM.Itcomprisesa39-aminoacidsyntheticpeptidelinkedtoaC20fattydiced moiety. 

Acylationwithfattyacidsisawell-establishedtechniqueinthediabetesfield, 

previouslyusedtoextend insulin and GLP-1'sduration ofaction.Thismodification allowsthepeptideto bindto albumin, 

increasingitsbiologicalhalf-life. It isadministeredvia a once-weeklysubcutaneous 

injectionandhasrecentlyreceivedapprovalfromtheEuropeanMedicinesAgencyGLP-1promotes insulin secretion after 

meals while simultaneously inhibiting glucagon release, both in a glucose- dependent manner. Additionally, it 

enhances feelings of fullness by acting on the central nervous 

system(specificallythehypothalamus)andslowinggastricemptying,whichhelpsreducehunger.GIP 

isanincretionhormonethatboostsinsulinsecretioninresponseto foodintake. Unlike GLP-1 and GLP-1receptoragonists, 

which arewell-known for inhibiting glucagon secretion,theeffectsofGIPon glucagonreleasearemorecomplexandnot 

yetfullyunderstood. 

Retatrutide(LY3437943) isa once-weeklysinglepeptidethat functionsasa triplereceptor agonist targetingthe G-

protein–coupledreceptors:GIP, GLP-1, andglucagon (GCG) receptors. It exhibits 

greaterpotencyathumanGIPreceptorsthannativehormonesandislesseffectiveathumanglucagon and GLP-1 receptors. In 

preclinical studies, retatrutide reduced food intake and increased energy 
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expenditure,likelyduetoitsactionontheglucagonreceptor.Inamultiple-ascending dosetrialinvolving 

individualswithT2DM,retatrutideshowedsignificantreductionsinboth glucoselevelsand bodyweight 

[113].Themechanismofactionofretatrutidemayalsoinvolveoxyntomodulin,amylin,andpeptide 

YYreceptors,whichappeartoinfluencetheregulationof body fat mass and energy homeostasis. 

TARGETING SGLT2INHIBITORSFORGLYCEMICCONTROL& CARDIO-RENAL BENEFITS: 

InhibitingSGLTsoffersarelativelynewtherapeuticstrategyforenhancingglycemiccontrolandhasalso beenproven 

toprovidecardiorenalbenefits.DualSGLT1/2 inhibitors(SGLT1/2i),such assotagliflozin, target both SGLT1 and SGLT2 

proteins, delivering a broader mechanismof action for managing diabetesand itsrelated complications [115]. Rieg 

et al. (2014) demonstrated that both genetic and pharmacologicalinhibitionofSGLT2resultsinincreasedSGLT1-

mediatedglucose 

reabsorptioninthekidneyunderglycemicconditions.ThisheightenedactivityofSGLT1helpstooffsetthe 

decreasedglucosereabsorptionduetoSGLT2inhibition,thusmaintainingglucosehomeostasis. 

Animal studies on sotagliflozin have demonstrated myocardial benefits through dual SGLT1/2 

inhibitioninnormglycemicmicesubjectedtocardiacpressureoverload.Thesecardiacimprovements 

occurredwithoutchangesinwhole-bodyorcardiac-specificmetabolismregardingfattyacidorketone 

bodyutilization.Instead,the advantagesweremainlyattributedtosignificantdiuresisand glycosuria. 

However,theabsenceofmyocardialbenefitsinhigh-fatdiet(HFD)miceindicatesthatproximaltubular 

injurymayhavecompromisedthedrug'scardioprotective. 

T2DM significantly worsens heart failure (HF) outcomes, contributing to increased mortality, 

hospitalizationrates,andreduced responseto therapiessuchascardiacresynchronizationtherapy(CRT). 

AsreportedbySarduetal.[118],elderlydiabeticpatientsreceivingCRTdemonstratedadiminished likelihood of 

treatment response compared to non-diabetic counterparts. Thisimpaired responseis largely attributed to the 

metabolic and inflammatory derangements associated with DM, including chronichyperglycemia, 

oxidativestress,and endothelialdysfunction.Mechanistically, DMpromotes 

excessiveproductionofreactiveoxygenspecies(ROS)andpro-inflammatorycytokines,contributingto 

myocardialfibrosis,impairedcontractility,andadversecardiacremodeling—factorsthatundermine CRTefficacy 

SGLT2inhibitors(Sodium-GlucoseCo-transporter2inhibitors)areaclassofmedicationsusedforglycemic 

controlandoffersignificantcardio-renalbenefits.Theirkeypointsinclude: 

MechanismofAction: 

 

SGLT2inhibitorsblocktheSGLT2proteinintheproximalconvolutedtubuleofthekidneys,whichis 

responsibleforreabsorbingabout90%offilteredglucose.Byinhibitingthisprotein,thesedrugsprevent 

glucosereabsorption,leadingtoglucoseexcretionintheurine(glucosuria),therebylowering 

bloodglucoselevelsindependentlyofinsulinpathways.GlycemicImpact: 

TheyreduceHbA1cbyabout 0.5–1.0%bypromotingurinaryglucoseloss. Thismechanism works regardlessofbeta-

cellfunction,makingthemeffectiveeveninadvanceddiabetes. 

CardiovascularBenefits: 

 

SGLT2 inhibitors reduce the risk of major adverse cardiovascular events, including heart failure 
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hospitalizationsandcardiovasculardeath,inpatientswithtype2diabetesandexistingheartdisease. Benefitsextendtoheart 

failurepatients without diabetes aswell. 

RenalProtection: 

 

Byreducingintraglomerular pressurethrough natriureticandrestoration of tubuloglomerularfeedback, 

SGLT2inhibitorsslowchronickidneydiseaseprogressionandreducetheriskofkidneyfailure. 

 

 

 

AdditionalEffects: 

 

Theypromoteweightlossthroughcaloricloss,reducebloodpressurebydiureticeffect,andimprove 

metabolicparameterslikeinsulinsensitivityandlipidmetabolism. 

 

 

 

Examples: 

 

Empagliflozin,dapagliflozin,canagliflozin,andertugliflozinarecommonlyusedSGLT2inhibitors approved for 

theseindications. 

Insummary,SGLT2inhibitorsprovideaneffectiveglucose-loweringstrategywhilesimultaneously 

improvingcardiovascularandrenaloutcomesinpatientswithtype2diabetes,positioningthemesa 

cornerstonetherapyinmodern diabetes management. 

CONCLUSION: 

 

Themanagement ofT2DMhassignificantlyevolvedovertheyearsfromaone-size-fits-allmodeltoa 

multifacetedapproachintegratingmetabolic,genetic,andmolecularperspectiveswithawidearrayof 

therapeuticoptionsavailabletocontrolbloodglucoselevelsandenhancepatientoutcomes. 

Conventional therapies, including metformin, sulfonylureas, thiazolidinediones, and insulin, have 

proveneffectiveinmanyinstances,offeringvariousmechanismsofactiontoaddresstheunderlying causes of T2DM, such 

as insulin resistance and beta-cell dysfunction. These medications aid in controlling blood glucose, reducing 

complications, and improving the quality of life for patients. However, thelimitationsofthesedrugs, 

includingsideeffectslikehypoglycemia, weight gain, and diminished efficacy over time, highlight the need for more 

personalized and targeted treatment approaches. 

Notably,incretin-based therapies, including GLP-1 receptoragonistsand DPP-4 inhibitors, have bridged thegap between 

glycemiccontroland weightmanagement. Theadvent of dual(GLP-1/GIP)and triple (GLP- 1/GIP/glucagon) receptor 

agonists, such as tirzepatide and retatrutide, represents a major pharmacological milestone. These agents not only 

optimize glucose regulation but also exhibit pronounced effectson appetite suppression and energy homeostasis, 

paving theway for integrated diabetes-obesity(diabesity)therapies. 

TheemergenceofSGLT2anddualSGLT1/2inhibitorsunderscoresaparadigmshifttowardinsulin- independent glucose-

lowering mechanisms. Beyond glycemic control, theseagents deliver cardiorenal benefits,particularlyinpatientswith 

heartfailureand chronickidneydisease—commoncomorbiditiesin T2DM.Thismultifaceted utilitysignifiesa 
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crucialsteptowardholisticpatient management. 

Experimentaltherapiessuchasglucagonreceptorantagonists,GPR119agonists,FGF21analogs,and AMPK activators 

further enrich the therapeutic arsenal. These agents target upstream metabolic dysfunctions and systemic 

inflammation, potentially offering disease-modifying effects. AMPK 

activators,inparticular,highlighttheinterfacebetweenmetabolismandoncology,giventheirdualrole 

inenergyregulationandtumor suppression. 

REFERENCES: 

1. K.L. Ong, et al.Global, regional, and national burden of diabetes from 1990 to 2021, with 

projectionsofprevalenceto2050:asystematicanalysisfortheGlobalBurdenofDiseaseStudy 2021Lancet,402(10397)(2023). 

2. H.Sun,etal.IDFDiabetesAtlas:global,regionalandcountry-leveldiabetesprevalenceestimates for(2021). 

3. U.Galicia-Garcia,etal.Pathophysiologyoftype2diabetesmellitusInt.J.Mol.Sci.,21(17) (2020). 

4. X.Lu,etal.Type2diabetesmellitusinadults:pathogenesis,preventionandtherapySignal Transduct.Target.Ther., 9 (1) 

(2024). 

5. X.Lu,etal.Type2diabetesmellitusinadults:pathogenesis,preventionandtherapySignal Transduct. Targeted Ther., 9 

(1) (2024) 

6. M.Alrouji,etal.Thepotentialroleofhumanisletamyloidpolypeptideintype2diabetesmellitus and 

Alzheimer'sdiseasesDiabetol. Metab. Syndr., 15 (1) (2023). 

7. T.Kawai,M.V.Autieri,R.ScaliaAdiposetissueinflammationandmetabolicdysfunctionin obesityAm.J.Physiol. Cell 

Physiol., 320 (3) (2021). 

8. F.Zatterale, et al.Chronicadiposetissueinflammation linkingobesity to insulin resistanceand type 2 diabetesFront. 

Physiol., 10 (2019). 

9. D. D'AlessioThe role of dysregulated glucagon secretion in type 2 diabetesDiabetes Obes. Metabol.,13(Suppl1) 

(2011). 

10. S.A.Antar,etal.Diabetesmellitus:classification,mediators,andcomplications;Agatetoidentify 

potentialtargetsforthedevelopmentofneweffectivetreatmentsBiomed.Pharmacother.,168 (2023). 

11. Razavi,etal.Gutmicrobiotacompositionandtype2diabetes:arethesesubjectslinkedTogether Heliyon, 10 (20) (2024). 

12. F.DiVincenzo,etal.Gutmicrobiota,intestinalpermeability,andsystemicinflammation:a narrativereviewing. 

Emergency Med., 19 (2) (2024). 

13. A.Caturano,etal.Oxidativestressintype2diabetes:impactsfrompathogenesistolifestyle modifications Curr. Issues 

Mol. Biol., 45 (8) (2023). 

14. J.S. Bhatti, et al. Oxidative stress in the pathophysiology of type 2 diabetes and related complications:current 

therapeuticsstrategiesandfutureperspectives FreeRadic.Biol.Med., 184(2022). 

15. D.Pitocco,etal.Oxidativestressindiabetes:implicationsfor vascular andother complications Int. J. Mol. Sci., 14 (11) 

(2013). 

16. C.Sardu,G.Paolisso,R.MarfellaInflammatoryrelated cardiovasculardiseases:frommolecular 

http://www.ijnrd.org/


                                                               © 2025 IJNRD | Volume 10, Issue 11, November 2025| ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2511309 IJNRD – International Journal of Novel Research and Development (www.ijnrd.org)  

 
 

d198 

mechanismstotherapeutictargets Curr. Pharm. Des., 26 (22) (2020). 

17. M.Mambiya,etal.Theplayofgenesandnon-geneticfactorsontype2diabetesFront.Public Health, 7 (2019). 

18. S.O'Rahilly,I.Barroso,N.J.WarehamGeneticfactorsintype2diabetes:theendofthebeginning Science, 307 (5708) (2005). 

19. I.Kyrou,etal.Sociodemographicandlifestyle-relatedriskfactorsforidentifyingvulnerable groups for type 2 diabetes: a 

narrative review with emphasis on data from EuropeBMC Endocr. Disord., 20(1) (2020). 

20. V.J.Clemente-Suárez, et al.Theroleof adipokinesinhealth anddiseasL.Luo, M. LiuAdipose 

tissueincontrolofmetabolismJ.Endocrinol.,231(3)(2016). 

21. A.I.S.Sobczak,C.A.Blindauer,A.J.StewartChangesin plasmafreefattyacidsassociatedwith type-2 diabetes Nutrients, 11 

(2019) 

22. T.Caputo, F. Gilardi, B. DesvergneFromchronicovernutrition to metaflammation andinsulin 

resistance:adiposetissueandlivercontributionsFEBSLett.,591(19)(2017). 

http://www.ijnrd.org/

